Objectives: To identify characteristics associated with particular groups of uropathogens in catheter-associated urinary tract infection (CA-UTI) and to develop clinical prediction rules for identifying these groups. Methods: Demographic, clinical and microbiological data were analysed from patients with CA-UTI. Infections were categorized into enteric Gram-negative rods, nonfermenters, Gram-positive cocci and fungal. Variables were analysed using univariate and multiple logistic regression analyses, and were used to develop clinical prediction rules. Results: A total of 492 patients were included in the study. Candida species were the most common uropathogens (30.7%), followed by enterococci (17.3%), Escherichia coli (12.0%), Pseudomonas spp. (10.8%), Klebsiella spp. (7.9%) and staphylococci (6.5%). Clinical prediction rules for the bacterial uropathogenic groups showed poor-to-fair discriminatory power, with sensitivities of <40% and specificities of >90%. However, clinical prediction rules showed good discriminatory power for fungal infections, with a sensitivity of 67.3% and a specificity of 78.1%. Conclusions: Clinical prediction rules developed for identifying specific groups of bacterial uropathogens in patients with CA-UTI had a low sensitivity, whereas those for fungal infections
Introduction
Catheter-associated urinary tract infection (CA-UTI) is the most common nosocomial infection worldwide, comprising 40% of such infections. 1, 2 The acquisition of CA-UTI is associated with increased morbidity, length of hospital stay and healthcare-associated costs. Therefore, early identification of causative uropathogens and initiation of appropriate antibiotic treatment is of great importance. In contrast to community-acquired, uncomplicated UTI, a wide variety of micro-organisms have been isolated from patients with CA-UTI. 3, 4 In addition, because uropathogens in CA-UTI tend to show high rates of antibiotic resistance, the selection of appropriate empirical antibiotic treatment may be difficult. 5, 6 Until microbiological results are available, appropriate selection of antibiotics for CA-UTI depends on known susceptibility patterns of suspected bacterial uropathogens, with third-generation cephalosporins or fluoroquinolones being used for enteric Gram-negative rods, ceftazidime for nonfermenters, ampicillin or vancomycin for enterococci, and methicillin for staphylococci. Both the aetiological diversity and the high rate of resistance in CA-UTI can lead to either the misuse or overuse of antibiotics as empirical treatments. Predicting the presence of specific uropathogens in CA-UTI before microbiological results are available would therefore be useful in selecting appropriate antibiotic treatment strategies.
Clinical prediction rules are tools designed to assist clinicians in making medical decisions when caring for patients. 7, 8 They usually consist of several predictors derived from multivariable analyses, such as demographic features, clinical characteristics, laboratory results and radiographic findings. Clinical prediction rules may provide a means of predicting the presence of specific uropathogens in patients with CA-UTI. The present study was performed to identify aetiological micro-organisms in patients with CA-UTI, and to characterize factors associated with the major groups of uropathogens in order to develop clinical prediction rules for identifying specific groups of uropathogens.
Patients and methods Patients
medical records, patients who had a urinary catheter either at the time of urine culture or within the preceding 48 h and had CA-UTI (including catheter-associated asymptomatic bacteriuria) meeting the Infectious Diseases Society of America criteria 3 were included in the study. Patients with polymicrobial infections were excluded. Only the first CA-UTI episode in each patient during the study period was considered.
The study protocol was approved by the institutional review boards of each of the seven hospitals involved; the requirement for informed consent from the study participants was waived by the boards.
Data collection
Data were collected using standardized casereport forms as soon as patients were enrolled in the study. Collected data comprised: demographic data; comorbid conditions; presence of urinary tract obstruction or vesico-ureteral reflux; type and duration of urinary catheterization; type and duration of other procedures; use of antibiotics within the preceding 30 days; presence of fever; organisms isolated from urine, blood or other cultures within the preceding 3 months; antibiotic resistance of major uropathogens; immunosuppressive therapy within the preceding 30 days.
Demographic data included age, sex, care site (medical ward, surgical ward or intensive care unit), bed-ridden state and duration of stay at the time of urine culture, which was divided into short-( 14 days) or long-term hospitalization (>14 days). Comorbidity was assessed using the Charlson comorbidity index. 9 The type and duration of urinary catheterization was divided into three categories: short-term indwelling catheterization ( 14 days); long-term indwelling catheterization (>14 days); intermittent catheterization. 10 Data on other procedures included surgery, tracheostomy (including endotracheal intubation), gastrostomy (including nasogastric tube insertion), percutaneous nephrostomy, mechanical ventilation, renal replacement therapy, insertion of a biliary drainage tube, double-J stent or central venous catheter and other invasive procedures. In addition, a postvoid residual urine >100 ml, placement of a cystostomy tube within the preceding 48 h and the presence of chronic renal failure or endstage renal disease were recorded. Microbiological data relating to the CA-UTI were collected from all enrolled patients, including the susceptibility of the major uropathogens to antibiotics (thirdgeneration cephalosporins and fluoroquinolones for enteric Gran-negative rods, ceftazidime for nonfermenters, ampicillin and vancomycin for enterococci, and methicillin for staphylococci).
Statistical analyses
Based on the antibiotic classes for empirical treatment using known susceptibility patterns, patients with CA-UTI were divided into four groups, based on the infection type: enteric Gram-negative rods; nonfermenters; Gram-positive cocci; fungal. For univariate analysis, variables in one group were compared with those in all the other three groups combined. Pearson's 2 -test was used to analyse categorical variables and Student's t-test for continuous variables. Parameters with a P-value <0.10 on univariate analysis were included in multiple logistic regression analyses, using conditional forward selection to identify factors associated with specific groups of uropathogens. Levels of significance of P <0.10 for inclusion and P >0.05 for exclusion were used in the multiple logistic regression analyses. Goodness-of-fit of the regression model was evaluated using the Hosmer-Lemeshow test.
Clinical prediction rules for predicting specific groups of uropathogens in patients with CA-UTI were developed, based on factors derived from the multiple logistic regression models. The rules were weighted by assigning the nearest whole number points to all factors in proportion to their regression coefficients. These clinical prediction rules were then applied to the whole dataset, and their sensitivities and specificities were calculated from the receiver operating characteristic (ROC) curves. Optimal cut-off values for clinical prediction rule scores were determined using the point at which the positive likelihood ratio was >3. As a surrogate of internal validation while adjusting the model parameters for potential overfitting, 95% confidence intervals of the area under the ROC curve (C-statistic) were calculated by bootstrapping with 1000 replications.
A two-tailed P-value <0.05 was considered to be statistically significant for all analyses. Statistical analyses were performed using IBM SPSS Õ Statistics software version 20.0 (IBM, Somers, NY, USA) and R software (R Foundation for Statistical Computing, Vienna, Austria, http://www. r-project.org).
Results

Aetiological uropathogens
A total of 560 micro-organisms were isolated from 526 patients found to have CA-UTI during the study period. Of these patients, 34 had polymicrobial infections and so were excluded, leaving a total of 492 suitable patients with data available for analysis.
Candida species were the most common uropathogens (30.7%), followed by enterococci (17.3%), Escherichia coli (12.0%), Pseudomonas spp. (10.8%), Klebsiella spp. (7.9%) and staphylococci (6.5%) ( Table 1) . Overall, >70% of CA-UTI cases were caused by uropathogens other than enteric Gram-negative rods. A similar pattern of aetiological uropathogenic distribution was observed at all seven of the study hospitals (data not shown). Of the 138 enteric Gram-negative rod isolates, 81 (58.7%) and 74 (53.6%) showed resistance to thirdgeneration cephalosporins and fluoroquinolones, respectively. Of the 73 nonfermenter isolates, 37 (50.7%) were resistant to ceftazidime. Of the 85 enterococcal isolates, 53 (62.4%) and eight (9.4%) showed resistance to ampicillin and vancomycin, respectively. Of the 32 staphylococcal isolates, 20 (62.5%) were methicillin resistant.
At the time of urine culture or within the preceding 48 h, 344 (69.9%) patients had short-term indwelling urinary catheters, 134 (27.2%) patients had long-term indwelling urinary catheters, and 14 (2.9%) patients were intermittently catheterized. Enterococci and staphylococci were more frequently isolated in patients with short-term indwelling urinary catheters than in other patients (P ¼ 0.007 and P ¼ 0.001, respectively), while Candida species were more commonly isolated in those with long-term indwelling urinary catheters (P <0.001) than in those in the other groups.
Demographic and clinical characteristics
Demographic and clinical characteristics of patients with CA-UTI are shown in Table 2 . Of the 492 patients, 138 (28.0%) had enteric Gram-negative rod infections, 73 (14.8%) had nonfermenter infections, 122 (24.1%) had Gram-positive cocci infections and 159 (32.2%) had fungal infections.
The median age of the patients was 70 years (interquartile range 59-78 years). The median duration of hospital stay before urine culture was 13 days (interquartile range 7-26 days). A total of 147 (29.9%) patients were admitted to the intensive care unit, and the median duration of stay in the intensive care unit before urine culture was 11 days (interquartile range 5-19 days). Among the 478 patients with indwelling urinary catheters, the median duration of catheterization was 8 days (interquartile range 4-16 days). Of the total 492 patients with CA-UTI, 459 (93.3%) had one or more comorbid conditions, and the median Charlson comorbidity index score was 2 (interquartile range 1-3). Parameters with a P-value <0.10 in Table 2 were included in the multiple logistic regression analyses.
Factors associated with specific uropathogens
Factors that had a P-value <0.10 on univariate analysis and that subsequently showed significance in multiple logistic regression models (to identify factors associated with specific groups of uropathogens in patients with CA-UTI) are presented in Table 3 . The Hosmer-Lemeshow test showed the goodness-of-fit of these models to be appropriate (P ¼ 0.580 for the enteric Gram-negative rod group, 0.828 for the nonfermenter group, 0.350 for the Grampositive cocci group and 0.998 for the fungal infection group).
Use of the clinical prediction rules (derived from the multiple logistic regression models for identifying specific groups of uropathogens in patients with CA-UTI) is summarized in Table 4 . After bootstrapping for 1000 repetitions, adjusted C-statistics for the clinical prediction rules were 0.706 (95% confidence intervals [CI] 0.657, 0.755) for the enteric Gram-negative rod group, 0.643 (95% CI 0.574, 0.712) for the nonfermenter group, 0.720 (95% CI 0.669, 0.769) for the Gram-positive cocci group and 0.803 (95% CI 0.764, 0.843) for the fungal group. Cut-off values for the clinical prediction rule scores that gave a positive likelihood ratio >3 were 6 to identify an enteric Gram-negative rod infection, 3 to identify a nonfermenter infection, 5 to identify a Gram-positive coccal infection, and 11 to identify a fungal infection. Using these cutoff values, the sensitivities of the clinical prediction rule scores for enteric Gramnegative rods, nonfermenters and Grampositive cocci were <40%, despite their high specificities (Table 4 ). However, the clinical prediction rule score for fungal infections had a sensitivity of 67.3% and a specificity of 78.1%.
Discussion
The present study results show that the spectrum of aetiological micro-organisms in CA-UTI is very diverse, with no single predominant bacterial uropathogen. These findings were consistent across all the hospitals involved in the study. Other studies have also reported that the aetiological uropathogens causing nosocomial UTI vary considerably. 1, 11 In contrast to community-acquired UTI, in which Escherichia coli is the single most common pathogen, the aetiological diversity (with no particularly predominant uropathogens) in CA-UTI leads to difficulty in predicting aetiological micro-organisms. 4, 12 Recent reviews on nosocomial UTI have suggested that patients should be empirically treated with a cephalosporin or a penicillin/b-lactamase inhibitor with antipseudomonal activity, a carbapenem, a fluoroquinolone, aztreonam, or an aminoglycoside. 11, 13 All of these regimens were mainly targeted at Gram-negative rod or nonfermenter infections. However, the wide spectrum of aetiological micro-organisms (and the absence of individual clinical characteristics able to predict the presence of specific uropathogens) underline the impracticality of using particular antibiotic regimens as empirical treatments for CA-UTI. As a result, some clinical practice guidelines do not specify certain antibiotic regimens for the empirical treatment of CA-UTI, but recommend that optimal treatment should be chosen on the basis of clinical judgement and local antibiotic resistance. 3, 14 Identification of factors associated with specific uropathogens could help predict the presence of particular aetiological microorganisms in CA-UTI and aid the selection of appropriate treatment. To our knowledge, few studies have identified factors associated with specific pathogens in CA-UTI. 15, 16 In a report on nosocomial UTI, the following factors were correlated with the presence of specific uropathogens: previous setting. In contrast, clinical prediction rules for fungal infections showed good discriminatory power. Further studies, to develop more refined and sensitive tools for predicting specific bacterial uropathogens in CA-UTI, are warranted. Until these are available, clinicians should be careful when choosing empirical antibiotic regimens in patients with CA-UTI.
